Historical centres constitute a very important legacy due to their outstanding cultural, environmental, social, and economic value. They are often very vulnerable to natural hazard events, such as earthquakes, and thus their preservation is among the main challenges faced today by the modern society. The recent cases of destructive impact of the earthquakes on historical centres have demonstrated the need for efficient strategies aiming at evaluating in depth their seismic risk and plan suitable mitigation measures. The overarching objective is developing proper policies to enhance preparedness before any earthquake, manage the emergency, and ensure sustainable recovery after catastrophic events.
The present Special Issue of the International Journal of Architectural Heritage aims at providing an overview of the most recent trends and challenges commonly faced by current scientific research in the field of large-scale and urban assessment of seismic risk in historical centres. The Special Issue includes 14 highquality articles authored by international experts from Spain, Italy, Portugal, France, Ireland, New Zealand, Chile, Nepal, and Palestine.
All the contributions pursue the protection of the historical centres from seismic risk by considering the most updated methods and advanced solutions emerging from different fields of expertise. The management and safeguarding of urban assets and their inhabitants actually require an interdisciplinary approach that combine different skills and tools in a synergistic manner. The modern research has addressed the earthquake protection of individual buildings with great effort, but upgraded approaches are necessary for urban risk mitigation due to the holistic structure of the historical centres, in which built environment, citizens, paths, and open spaces coexist. The problem presents different levels of complexities and poses several challenges due to the large-scale format of the analysis. The data collection procedures should be able to provide an adequate level of overall knowledge about the intrinsic characteristics of the urban asset and its components, being the available databases of existing buildings rather obsolete and incomplete. Large-scale on-site inspection and survey of the built heritage should achieve an acceptable compromise between reliability and feasibility, ensuring time and cost sustainability along with effective cataloging of meaningful data. The objects of study are usually clustered buildings or urban aggregates, as typical in historical centres, and thus affected by geometrical, morphological and structural complexity. The characterisation of the constituent materials may also pose further challenges, due to their possible vernacular character strictly related to local construction tradition. Under these conditions, the collected data of the building stock should be sufficiently representative and reliable to feed simplified analysis models for the definition of the seismic vulnerability with an acceptable approximation level, being the detailed seismic analysis of every single building unfeasible. The combination of large-scale vulnerability assessment methods with seismic hazard models allows the evaluation of the probability of damage and collapse of buildings. Besides the physical damage on the built heritage, additional outcomes of vital importance are the impact on population and the economic losses experienced after the earthquake. This set of results is essential to plan the efficient management of emergency, as well as to propose appropriate seismic risk mitigation measures to enhance the degree of preparedness of the urban system and ensure the resilience after the catastrophic event.
The topics addressed by the selection of papers of this Special Issue reflect the different stages of the aforementioned cognitive process:
• survey and inspection methodologies for largescale data collection of the building stock; • rapid visual screening procedures for potentially hazardous buildings; • use of innovative tools for collection, processing and management of data related to urban assets; • modeling of seismic vulnerability assessment of urban blocks and aggregates; • application of methods for seismic risk analysis at urban scale, such as empirical and analytical approaches; • large-scale assessment of potential damage and losses, with evaluation of economic and social impacts of post-seismic scenarios on built environment and communities;
• integrated urban planning and emergency services for seismic risk reduction; and • implementation of seismic risk reduction policies and mitigation measures to enhance resilience.
Aguado, Ferreira, and Lourenço (2018) present a large-scale approach for the assessment of the seismic vulnerability of masonry buildings' façades. The use of a Vulnerability Index Methodology (VIM), specifically formulated for masonry façades, allows the evaluation of the expected damage scenarios and collapse probabilities for different macroseismic intensities. The case study is the city centre of Coimbra, Portugal, with a specific focus on the use of the analysis results to manage the emergency planning, in terms of definition of proper evacuation routes, identification of the inaccessible urban areas, and number of people affected by the earthquake. The article also discusses the potential impact of adopting traditional seismic retrofitting strategies to reduce the risk of out-of-plane collapse of masonry façades in urban areas. Basaglia et al. (2018) propose a novel approach for urban seismic risk assessment, based on the analysis of the problem from a performance-based perspective. The conventional definition of limit states in earthquake design is extended from the single building to the global urban system. The proposed mechanical model of the city identifies the strategic and critical elements and evaluates how their vulnerability, evaluated by the VIM, may affect the collapse probability of the overall urban system in case of seismic emergency. The method is validated by application to Concordia Sulla Secchia, Italy, a city struck by the 2012 Emilia earthquakes. This case study allows a direct comparison between the damage surveyed after the seismic events and the scenarios derived from the proposed approach. Cara et al. (2018) propose a method for the seismic risk assessment and mitigation at emergency limit condition of historical buildings along strategic urban roadways. The study presents a simplified model, based on the VIM and basic concepts of structural reliability, to investigate the influence of the collapse of interfering buildings on the operationality of strategic urban roadways after the occurrence of an earthquake. The proposed approach allows the assessment of possible risk mitigation interventions on critical buildings to improve the overall preparedness and ensure the functionality of the urban system at the emergency limit condition. The methodology is applied to the "Antiga Esquerra de l'Eixample," an historical neighborhood in Barcelona, Spain, hosting the strategic roadway to the hospital. Despotaki et al. (2018) present a simplified procedure for large-scale assessment of the probability of seismic damage in 351 UNESCO World Heritage cultural sites in Europe. The seismic hazard model is combined with a proper fragility model to evaluate the average annual probability of damage and collapse. The 158 UNESCO sites located in higher seismically hazardous areas (PGA greater than 0.1 g for a 10% probability of exceedance in 100 years on soil Vs 30 = 360 m/sec) are grouped within three risk categories (low, moderate and high). The results of the study allow to support policies of prioritization of the monuments requiring further studies on risk assessment and mitigation. In particular, the research shows that 77 European UNESCO sites have moderate or high seismic risk, and are mainly located in Italy and Greece.
Di Meo et al. (2018) propose a seismic vulnerability model for the residential buildings in the city of Nablus, Palestine, based on the development of two different survey forms, for citizens and skilled practitioners, for the collection of geometrical and structural data. The involvement of these two different categories of stakeholders allows the increase of seismic risk public awareness and participation of the local community to mitigation policies, with considerable optimization of resources. The created platform provides the definition of fragility curves for different typologies of buildings, as well as possible retrofitting measures to reduce their structural vulnerability. Formisano and Massimilla (2018) propose a simplified modeling approach to investigate the seismic capacity of structural units within masonry aggregates. They implement an equivalent frame model within a finite element method software for nonlinear static analysis. The study focuses on the definition of a proper modeling strategy to evaluate individually the seismic behavior of intermediate and head structural units in a typical building aggregate of the south of Italy. Elastoplastic links define proper boundary conditions at the upper ends of the external piers of the structural units, in order to model the interaction with the remaining parts of the aggregate. The simplicity of the proposed numerical approach enables the development of time-effective seismic assessment of structural units present in the urban blocks of the historical centres. Jiménez, Pelà, and Hurtado (2018) propose specific building survey forms for the systematic collection of big amount of data necessary to feed large-scale vulnerability assessment in seismically hazardous zones. The study presents four specific survey forms for traditional structural typologies built with masonry, reinforced concrete, mixed steel-reinforced concrete, and timber. These tools allow the definition of building taxonomy and catalogues with essential information for seismic risk assessment at urban level, regarding the load resistant systems of buildings, materials, irregularity, condition of conservation and existing damage. The survey forms are applied to the study of 111 buildings of the historical centre of Valparaíso, Chile, to build a comprehensive database of urban structures within a Geographic Information System. Lantada, Pujades, and Barbat (2018) present a review of available research on the assessment of the earthquake risk scenarios in urban areas. After a detailed discussion on advantages and shortcomings of VIM and Capacity Spectrum method, the authors adopt the former approach to estimate expected physical damage, impact on population and economic losses in the Ciutat Vella district of Barcelona, Spain, in case of different earthquake scenarios. The study shows that even though the seismic hazard is low to moderate in the city, the risk is high due to the high exposure and vulnerability of the buildings. The study allows the design of proper emergency plans to be implemented by the institutions in charge of public safety, such as the Civil Protection Service of the city. Maio et al. (2018) provide an analysis of the state of the art on the available investigation and survey techniques for the seismic risk assessment of historical centres. The study shows how these methods can improve the knowledge level of urban assets, as efficient supporting tools for the seismic response assessment. The different techniques are classified according to their intrusiveness level, cost, and data reliability. The research addresses also the important issue of identifying the particularities inherent to buildings enclosed in aggregate. The case study of the historical centre of Faro, Portugal, shows the crucial aspects arising from the design of the investigation plans to collect data for extensive and intensive urban survey of existing buildings. Rapone et al. (2018) present a predictive model for the seismic vulnerability assessment of Italian historical centres. The authors propose a novel format of the VIM with a set of potential vulnerability parameters for specific structural typologies. The calibration of the method is based on the damage survey in two similar historical centres struck by 2009 L'Aquila earthquake. The application to the city of Scanno, Italy, provides likely damage scenarios by fragility curves and indication of main sources of seismic vulnerability to be faced by proper risk mitigation measures. The case study also illustrates useful criteria for a correct use of the methodology, in order to reduce the potential uncertainties related to the subjective evaluations during the rapid inspection of the historical buildings. Rodriquez, Monteiro, and Ceresa (2018) present a research on the social vulnerability and resilience of the city of Nablus, Palestine. The study considers the evaluation of social vulnerability indicators in terms of quantitative data extracted from public census, integrated with qualitative information derived from a participatory approach based on questionnaires distributed to a representative sample of the population. The latter initiative fosters the training of public communities and the implementation of good practices of social preparedness against seismic risk. The acquired information allows an integrated seismic risk assessment of the city and its neighbourhoods, in connection with the urban development patterns and the historical expansion. The results of the research are useful for decision-makers to establish priorities, allocation of funds and more effective risk prevention policies. Shakya et al. (2018) present a seismic vulnerability assessment methodology for slender masonry structures, based on the development of an ad-hoc VIM. The definition of vulnerability classes and calibration of relevant parameters of the method are carried out through the execution of parametric pushover analyses and evaluation of the results under different seismic scenarios. The proposed methodology allows the evaluation of damage scenarios for different seismic intensities, in order to plan risk mitigation measures on this type of structures. The study analyses 78 Nepalese pagoda temples, as well as 63 towers, 32 minarets, and 8 chimneys with characteristics extracted from literature review. Taffarel et al. (2018) present a comparison of different expeditious procedures for the seismic vulnerability assessment of historical centres within the European territorial context. The study investigates the reliability, feasibility, cost, and time consumption of two different methods, based, respectively, on a deterministic and a probabilistic approach, to gather information to feed the urban risk assessment. The probabilistic approach based on Bayesian inference allows the deduction of unknown data from available ones, with consequent optimization of time and available resources during the on-site survey. The research provides the fragility curves for the out-of-plane vulnerability of masonry walls in clustered buildings of the historical centres of Padova, Italy, and Timisoara, Romania. Vallis et al. (2018) explore urban-scale survey technologies and data collection strategies for systematically recording historic and architectural characteristics, with the objective of informing seismic risk mitigation and retrofitting processes. Onsite documentation and visualization techniques, such as drone and geocoded photography, can record valuable information and large amount of data for urban assessment in a non-invasive, inexpensive, and time-efficient fashion. These emerging technologies can assist surveyors in gathering meaningful data and building three-dimensional representations for post-site processing analysis, such as photogrammetry models of the building stock. The methodology is applied to historic unreinforced masonry building precincts in Oamaru, Winton, and Invercargill, New Zealand.
I hope that the present Special Issue will contribute with new knowledge to further advances in the field of urban assessment and mitigation of seismic risk in historical centres, as well as to foster interdisciplinary research and collaboration among scientists, stakeholders and all practitioners involved in the preservation of the built urban environment.
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